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Introduction
Dengue  continues  to  be  the  most  important  viral
vector-borne  infectious  disease  in  the  world  [1].
In many  countries  of  South  East  Asia  and  Latin
America, it  represents  a  public  health  threat  that
has been  considerably  affected  by  climate  change
and variability  [2,3].  During  the  last  decade,  mul-
tiple studies  in  these  regions  have  documented  the
inﬂuence  of  climate  variables  on  dengue  epidemi-
ology  [4—6].  However,  in  the  case  of  Colombia,
there are  a  limited  number  of  reports  assessing  such
inﬂuences,  particularly  in  some  endemic  regions
[4,7—10].
Dengue  could  be  associated  with  multiple  fac-
tors, including  changes  in  environmental  and  social
elements,  that  may  inﬂuence  its  epidemiology.
This epidemiology  may  also  be  changing  in  the
near future  due  to  the  recent  emergence  of  a
new serotype  (DEN5)  [11,12].  In  Colombia,  climate
change  and  variability  have  been  studied  in  many
vector-borne  diseases,  such  as  malaria  [13,14],
dengue [4,7,8]  and  leishmaniasis  [15—17],  in  Antio-
quia [13,18],  the  Caribbean  coast  region  [4,7]  and
the northeastern  region  [15,16],  but  not  in  the
coffee-triangle region.  There  is  a  lack  of  studies  on
infectious  disease  epidemiology  from  this  region  of
Colombia [19—21].
If the  climate  is  inﬂuencing  the  epidemiology  of
infectious  diseases  in  this  region  of  the  country,
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ssed.  Epidemiological  surveillance  data  (weekly  cases)
e  rates  were  calculated.  Poisson  regression  models  were
f  the  macroclimatic  variable  ONI  (Oscillation  Nin˜o  Index)
le  pluviometry  (mm  of  rain  for  Risaralda)  on  the  dengue
 year  and  week.  During  the  study  period,  13,650  cases
rates  ranged  from  8.6  cases/100,000  pop.  up  to  a  peak
for  a  cumulative  rate  of  456.2  cases/100,000  pop.  in
ability  in  2010  was  higher  (ONI  1.6,  El  Nin˜o  to  −1.5,  La
,  La  Nin˜a  to  −0.2,  Neutral).  The  mean  pluviometry  was
432.84).  During  El  Nin˜o,  cases  were  signiﬁcantly  higher
the  climate  neutral  period  (142.48)  and  during  the  La
F =  66.59;  p  <  0.001).  Regression  models  showed  that  the
 0.209—0.450)  and  pluviometry  (coefﬁcient  0.003;  95%CI
gniﬁcant  independent  variables  associated  with  dengue
ng  by  year  and  week  (p  <  0.001,  pseudo  r2 =  0.6913).  El
e  incidence  of  dengue  in  Risaralda.  This  association  with
ty  should  be  considered  in  the  elements  inﬂuencing  dis-
n,  predictive  models  should  be  developed  further  with
ease  surveillance.
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articularly  vector-borne  infections,  environmen-
al control  efforts  are  necessary.  They  require  an
ntegrated  and  systematic  approach  from  both  the
ational and  local  health  authorities  as  well  at
he community  level  to  reduce  and  mitigate  the
mpact  on  disease  epidemiology.  These  approaches
re obviously  linked  to  educational  programs  and
ther interventional  measures  [22].
Recent  studies  in  other  regions  of  the  coun-
ry, e.g.,  Medellín,  Antioquia,  have  found  that
he transmission  of  dengue  is  inﬂuenced  by  cli-
ate variability,  especially  precipitation  or  rainfall,
hich increases  its  incidence  [18].  Even  in  low  inci-
ence areas,  e.g.,  Cereté,  Cordoba,  studies  have
ound that  climate  signiﬁcant  inﬂuences  dengue
orbidity [4].
If  strong  associations  between  dengue  and  cli-
ate variables  were  consistently  found,  it  would
e possible  to  produce  models  to  help  understand
engue transmission  dynamics.  This  information
ould be  useful  for  developing  appropriate  and
imely strategies  for  dengue  control.
For these  reasons,  in  this  ﬁrst  study,  we
ssessed the  potential  associations  between  cli-
atic variation  and  dengue  cases  in  the  context
f local  surveillance  in  a department  of  Colombia,
isaralda. This  department  is  located  in  the
offee-triangle  region,  where  no  previous  published
tudies  of  dengue  have  been  reported.  In  addition,
n this  region,  no  other  studies  have  assessed  the
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Climate variability  in  2010  was  higher  (ONI  1.6,  Elig.  1  Study  area,  Coffee-Triangle  Region  of  Colombia
nd  the  relative  position  of  the  country.
otential  impact  of  climate  conditions  on  any  other
nfectious  diseases.
ethods
etting
olombia  is  a  South  American  country  made  up  of
2 departments  (main  administrative  level)  (Fig.  1).
hese departments  are  grouped  by  regions.  One  of
hem, located  in  the  Andean  area,  is  the  Coffee-
riangle (Fig.  1).  This  is  a  topographical  region  that
ncludes three  departments  (Caldas,  Quindío  and
isaralda),  53  municipalities  and  a  total  population
f 2,463,507  in  2011.  Risaralda,  the  most  popu-
ated  city,  had  946,626  residents  in  year  2014  and
s composed  of  14  municipalities.  The  capital  of  the
unicipality  is  Pereira,  which  had  467,209  residents
n the  same  year.  Reliable  dengue  data  were  only
vailable  for  Risaralda,  not  for  Caldas  or  Quindio.
tudy design
or  this  record-based,  ecological  study,  the  epi-
emiological  data  (taken  from  the  Risaralda
epartment,  Department  Health  Secretary  of Ris-
ralda, which  was  involved  in  the  study)  included
ll of  the  weekly  records  of  conﬁrmed  dengue  cases
n children  and  adults  diagnosed  during  the  period
rom January  1,  2010  to  December  31,  2011.  Accu-
ate data  on  dengue  for  Risaralda  was  not  available
efore  2010.  Because  the  investigation  was  retro-
pective  and  based  entirely  on  the  results  of  the
outine  investigation  of  dengue  cases  obtained  from
he department  surveillance,  informed  consent  was
ot obtained  speciﬁcally  for  the  purposes  of  the
resent  study.
N
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limatic data
he  climatic  data  were  based  on  one  global  macro-
limatic  index,  the  Oceanic  Nin˜o  Index  (ONI),
hich classiﬁes  climatic  periods  according  to  the
ational Oceanographic  and  Atmospheric  Admin-
stration  (NOAA,  USA)  classiﬁcation.  Months  were
ategorized  as  El  Nin˜o,  Neutral  and  La  Nin˜a  to
stablish  differences  in  dengue  incidence  according
hose  climatic  periods.
Additionally,  one  microclimatic  variable  was
nalyzed for  the  period  of study,  the  cumulative
ainfall or pluviometry  (mm)  obtained  from  the
eteorological  station  located  at the  Matecan˜a
nternational  Airport,  in  Pereira,  the  capital  of  Ris-
ralda, Colombia.
atellite images
onthly  satellite  images  for  total  rainfall  and
urface  temperature  were  obtained  from  the  Trop-
cal Rainfall  Measuring  Mission  (1  month  —  TRMM)
magery database  from  NASA  Earth  Observations
NEO, NASA,  USA)  (http://neo.sci.gsfc.nasa.gov/)
nd were  analyzed  for  Risaralda  with  Google  Earth®
oftware.
ata management and statistical analysis
ualitative  and  quantitative  comparisons  were
ade for  climatic  periods.  Nonlinear  Poisson
egression models  were  used  for  determining
otential associations  between  the  climatic  and
pidemiological  variables  analyzed  at  the  semester
evel. Statistical  signiﬁcance  was  deﬁned  as
 <  0.05.  Statistical  analyses  were  performed  on
tata 11.0®.
esults
engue incidence
uring  the  study  period,  13,650  cases  were
eported in  Risaralda,  Colombia  (92.69%  in  2010
12,651] and  7.31%  [998]  in  2011).  In  2010,  rates
anged  from  8.6  cases/100,000  pop.  (week  1)  to  a
eak of  75.3  cases/100,000  pop.  (week  11)  for  a
umulative  rate  of  456.2  cases/100,000  pop.  in  that
eek (Fig.  2).
limatic  impact  on  dengue  incidencein˜o to  −1.5,  La  Nin˜a)  than  in  2011  (ONI  −1.4,
a Nin˜a  to  −0.2,  Neutral).  The  mean  pluviome-
ry was  248.45  mm  (min  135.9—max  432.84).  These
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vFig.  2  Number  of  dengue  cases  per  wee
patterns  in  macroclimatic  indicators  were  consis-
tent with  observations  of  changes  in  rain  patterns  in
Risaralda,  which  had  a  wet  year  in  2010  (>100  mm)
and a  dry  year  in  2011  (<100  mm)  (Fig.  3).
During  El  Nin˜o,  cases  were  signiﬁcantly  higher
(mean 433.81)  than  in  the  Neutral  (142.48)  and
La Nin˜a  (52.80)  phases  (ANOVA  F  =  66.59;  p  <  0.01)
w
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r
Fig.  3  Surface  temperature  and  rain  pattern  maps  from  the  T
from  January  2010  to  December  2011  (NEO/NASA).m  2010  to  2011  at  Risaralda,  Colombia.
Fig.  4).  The  regression  model  showed  that  ONI
coefﬁcient  0.329;  95%CI  0.209—0.450)  and  plu-
iometry  (coefﬁcient  0.003;  95%CI  0.002—0.004)
ere highly  signiﬁcant  independent  variables  asso-
iated with  the  dengue  incidence  rate,  after
djusting by  year  and  week  (p  <  0.001,  pseudo
2 =  0.6913)  (Fig.  5).
RMM  satellite  for  the  study  region,  Risaralda,  Colombia,
Potential  impact  of  climatic  variability  on  the  epidemio
Fig.  4  Average  number  of  dengue  cases  (per  week)
per  climate  season  week  from  2010—2011  at  Risaralda,
Colombia.
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Unfortunately, other  microclimatic  variables,  apartFig.  5  Poisson’s  non-linear  regression  model.
iscussion
engue,  even  more  so  today,  constitutes  a  serious
ublic  health  problem  in  the  urban  areas  of  tropical
ountries  in  Latin  America  and  Asia  [23—25].  It  also
as impacts  globally  due  to  travel,  migration  and,
n general,  the  process  of  globalization  [26—29].
oday, dengue  epidemiology  now  includes  a new
erotype  (DEN5),  which  has  apparently  emerged  in
outh East  Asia  [11,12].  Another  current  and  impor-
ant aspect  of  dengue  is its  ecological  potential  for
he suitability  of  other  vector-borne  diseases,  such
s chikungunya.  Chikungunya  is  also  transmitted  by
edes aegypti  and  Aedes  albopictus  and  is  currently
n a  process  of  globalization  in  which  regions  such
s Latin  America  are  becoming  endemic  for  both
engue  and  chikungunya.  These  infections  would
imultaneously  impact  the  same  individuals  and
opulations,  as  has  been  reported  in  Europe  and
iddle East  [30—32].
In this  epidemiological  scenario,  climate  change
lays a  signiﬁcant  role.  These  impacts  have  been
hown  in  this  study  and  others  in  Colombia  and  in
atin America  for  dengue  and  other  vector-borne,
nd in  general,  infectious  diseases  [4—7,33,34].
n Colombia,  no  previous  studies  have  shown
his association  in  such  a  relevant  region  of
he country.  The  coffee-triangle  region  has  been
f
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igniﬁcantly  affected  by  dengue  epidemics,  even
hough there  are  no  descriptive  epidemiological
tudies on  dengue  from  this  area.  Dengue  epi-
emics during  2010  signiﬁcantly  affected  different
ountries  [25,35].  This  was  associated  with  global
limate  change  conditions,  as  we  demonstrated  in
his study  and  as  did  others  in  Latin  America  [5].
During that  year  in  Honduras,  epidemics  of
engue affected  the  country  and  were  signiﬁcantly
ssociated with  climate  change,  as  occurred  in
isaralda,  Colombia.  In  particular,  rainfall,  temper-
ture and  macroclimatic  indicators,  such  as  ONI,
hich are  related  the  El  Nin˜o  Southern  Oscillation
ENSO) phenomena  [5], had  important  associations
ith dengue.  Climatic  periods  marked  a  difference
f 158%  in  the  mean  incidence  of  cases  in  Hon-
uras, from  El  Nin˜o  weeks  (−99%  of  cases  below  the
ean incidence)  to  La  Nin˜a  months  (+59%  of  cases
bove it)  (p  <  0.01).  Linear  regression  showed  signif-
cantly  higher  dengue  incidence  with  lower  values
f Oceanic  Nin˜o  Index  (p  =  0.0097),  higher  rain  prob-
bility (p  =  0.0149),  accumulated  rain  (p  =  0.0443)
nd higher  relative  humidity  (p  =  0.0292).  Finally,
rom a  multiple  linear  regression  model  using  those
ariables,  the  ONI  values  were  shown  to  be  the  most
mportant  and  signiﬁcant  factor  associated  with
he monthly  occurrence  of  DHF  cases  (r2 =  0.649;
 standardized  =  −0.836;  p  =  0.01)  [5]. Similarly,  in
isaralda,  Colombia,  the  regression  model  showed
hat ONI  and  pluviometry  or  rainfall  were  highly
igniﬁcant independent  variables  associated  with
engue incidence  rate,  after  adjusting  by  year  and
eek (p  <  0.001).
In  Venezuela,  a neighboring  country  to  Colombia
Fig.  1)  that  has  many  similar  ecological  condi-
ions, two  studies  found  signiﬁcant  associations
etween climate  variables  and  dengue  [6,33].  One
n Caracas,  the  capital  city  [33], and  the  other
n a  major  western  city  (Barquisimeto)  [6]. The
aracas study  found  that  ENSO  was  signiﬁcantly
ssociated with  the  incidence  of  dengue  (p  <  0.01).
inear regression  models  found  a statistically  sig-
iﬁcant association  between  dengue  and  rainfall
p =  0.0319),  as  well  with  maximum  temperatures
p =  0.0001)  [33]. The  Barquisimeto  study  also  found
hat ENSO  affected  the  epidemiology  of  disease
p =  0.0001)  [6]. Linear  regression  models  showed
 signiﬁcantly  higher  dengue  incidence  with  lower
alues of  Oceanic  Nin˜o  Index  (ONI)  (El  Nin˜o  periods)
nd a lower  dengue  incidence  with  higher  values  of
NI (La  Nin˜a  periods)  (p  =  0.0002)  [6]. This  was  sim-
lar to  what  has  been  found  in  Risaralda,  Colombia.rom pluviometry,  were  not  available  for  this  study.
Just three  previous  studies  in  Colombia  have
hown the  signiﬁcant  inﬂuence  that  climate  has
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on  dengue.  Two  of  these  focused  on  the  north
Caribbean coastal  region  of  Colombia  and  the  other
(reported  in  two  publications)  in  Antioquia,  a west-
ern department  [4,7,18,36].  The  ﬁrst  of  these
studies, from  2011  at  Monteria,  Cordoba,  Caribbean
region,  found  a  signiﬁcant  association  between
temperature, humidity  and  rainfall  and  dengue  in
Monteria [7].  The  second,  at  Antioquia,  was  pub-
lished in  2012  and  2013  [18,36]  and  found  an
increase in  dengue  incidence  in  the  city  in the  years
following  the  occurrence  of  the  El  Nin˜o  event  [36].
In Medellin,  Antioquia,  the  model  explained  34%
of the  observed  variability  in  dengue.  Precipitation
was the  climatic  variable  that  showed  a  statisti-
cally signiﬁcant  association  with  the  incidence  of
dengue fever  (with  a  20  weeks  delay)  [18]. Finally,
the last  of  these  previous  studies  was  carried  out
in Cereté,  Cordoba  and  used  linear  regression  mod-
els to  ﬁnd  a  positive  relationship  between  dengue
and rainfall  (p  <  0.01)  and  humidity  (p  < 0.01)
[4].
Despite  the  limitations  of  this  study,  which  took
place  in  a  geographical  setting  where  no  previ-
ous reliable  data  on  dengue  were  available  (before
2010),  these  results  support  the  growing  evidence
on the  signiﬁcant  inﬂuences  of  climate  change  and
variability  on  dengue  morbidity  in  Colombia  and
Latin America  cities  [4—6,10,18,33,36].  A  further
study that  covers  a  longer  time  period  (ﬁve  years  or
more) and  a  larger  spatial  extent  (other  neighboring
departments) is  needed  to  verify  the  ﬁndings.  Then,
based on  the  results,  preventative  strategies  can
be formulated  with  a  particular  orientation  toward
vector  related  factors.
Dengue  incidence  is  considerably  impacted  by
environmental  variables  in  Risaralda,  Colombia.
Because of  this,  local  surveillance  should  incorpo-
rate these  elements  and  information  to  follow  the
infection  over  time  with  a  longer  time  series  and
study the  patterns  of  this  inﬂuence  to  model  it
and develop  forecasts  and  early  warning  systems
for public  health  ofﬁcials,  as  has  been  recom-
mended in  other  countries.  This  information  should
also be  considered  for  studies  relating  to  cli-
mate change  and  vector  control  [37—39].  Although
there are  limitations  to  this  preliminary  and  prin-
ciple study  in  this  region,  including  the  possible
occurrence of  ecological  fallacies,  this  information
emphasizes the  importance  of  performing  further
studies,  collecting  more  data  in  other  departments
of the  coffee-triangle  region  (Quindio  and  Caldas)
as well  in  other  regions  of  the  country  that  are
also endemic  to  dengue,  and  developing  forecast-
ing models  to  prevent  and  mitigate  the  effects  of
climate  on  the  epidemiology  of  dengue.  Further
studies are  expected.L.L.  Quintero-Herrera  et  al.
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